This article addresses the question of how neuroscientific evidence is currently used in the Canadian criminal justice system, with a view to identifying the main contexts in which this evidence is raised, as well as to discern the impact of this evidence on judgements of responsibility, dangerousness, and treatability. The most general Canadian legal database was searched for cases in the five-year period between 2008 and 2012 in which neuroscientific evidence related to the responsibility and recidivism risk of criminal offenders was considered. Canadian courts consider neuroscientific evidence of many types, particularly evidence of prenatal alcohol exposure, traumatic brain injury, and neuropsychological testing. The majority of the cases are sentencing decisions, which is useful given that it offers an opportunity to observe how judges wrestle with the tension that evidence of diminished capacity due to brain damage tends to reduce moral blameworthiness, while it also tends to increase perceptions of risk and dangerousness. This so-called double-edged sword of the biological explanation of criminal behavior was reflected in this study, and raises questions about whether and when the pursuit of such evidence is advisable from the defense perspective.
INTRODUCTION
Interest in the impact of neuroscience on the law has been growing rapidly in recent years.
1 Among the topics of interest is the possibility that forms of neuroimaging such as functional magnetic resonance imaging ('fMRI') or electroencephalography will be used for novel purposes in the legal system such as detecting deception and memory, 2 or aiding in the psychiatric evaluation of criminal offenders. 3 Another controversial topic in law and neuroscience is the question of whether evidence about the neurological underpinnings of problematic behavior is in fact relevant to the criminal justice system. On one hand, some argue that as we learn more about brain abnormalities associated with offending behavior, we will come to realize that punishment based on moral blame is incoherent and should be abandoned in favor of consequentialist objectives of punishment. 4 Others point out that the law is actually interested in an offender's level of capacity to respond to reasons, rather than in the neurological reasons for that capacity or incapacity.
5 There have been some intriguing studies of how neuroscientific evidence about behavioral problems might affect retributive judgement, including a study by Aspinwall, Brown and Tabery, which found that a biological explanation of psychopathy reduced the sentences imposed by judges in a hypothetical case.
6 This is not the only possible reaction to the idea that a neurological abnormality is an explanation of criminal behavior, as judges could also regard biological explanations as suggesting an offender is irremediably damaged and dangerous. This might push in favor of longer or more onerous custodial or supervisory sentences.
This article seeks to answer the question of how neuroscientific evidence is currently used in the Canadian criminal justice system, with a view to identifying the main contexts in which this evidence is raised, as well as to discern the impact of this evidence on judgements of responsibility, dangerousness, and treatability. This study is parallel to similar projects carried out in the United States, the United Kingdom, the Netherlands, and Singapore and Malaysia. The intention is that our joint efforts may allow for some interesting comparative analysis as the project proceeds.
METHODOLOGY
The database 'All Canadian Court Cases' within the Canadian legal service LexisNexis Quicklaw was used to search Canadian case law for reported cases involving the use of neuroscientific evidence in the five-year period between 2008 and 2012. This database is a group source containing the full text judgements made available by Canadian courts to the company, and includes provincial and territorial courts (first instance and appeal) as well as the federal court (first instance and appeal) and the Supreme Court of Canada. This database does not include decisions from administrative boards and tribunals that play a role in the criminal process, such as the Review Boards, which consider the disposition of people found not criminally responsible by reason of mental disorder (NCRMD). The coverage of the boards and tribunals in the separate 'All Boards and Tribunals' database in LexisNexis Quicklaw is incomplete. Only two provincial Review Boards are represented and other relevant boards such as the Parole Board of Canada do not make their decisions searchable by the public. This study may be extended in future to include the decisions of those provincial Review Boards that are searchable. This might provide further information on how neuroscientific evidence is or is not being used in the context of risk assessment and prognosis in the case of offenders found incapable of criminal responsibility.
Multiple search terms were employed in an attempt to ensure comprehensiveness as well as to gain a picture of the frequency with which different types of evidence are presented, although this created overlapping results. All were reviewed according to the inclusion and exclusion criteria outlined below, and duplicates were discarded as the searches progressed. Table 1 lists the search terms, all of which included the term 'criminal' in addition to the listed phrases. 7 For the purposes of this study, searches were conducted over the five-year period between January 1, 2008 and December 31, 2012.
These results were filtered according to the inclusion and exclusion criteria set out in Table 2 before being coded and included within a searchable database in Excel.
This filtering process produced a set of 279 cases, which were read more closely for inclusion in the database. In the course of analysing these cases, it became apparent that judges mentioned neuroscientific evidence in a range of different ways. This included discussions in which evidence of brain injury or cognitive impairment linked to some neurological cause was accepted as bearing upon an offender's responsibility, capacity, risk of recidivism, or prospects for rehabilitation ('evidence impact'). There were 133 cases in which discussions of this type occurred, and these cases were retained for further detailed analysis (see the section Results, below). The larger set of 279 cases also included 146 cases in which neuroscientific evidence was mentioned very briefly with no discernible impact, where comments were made on the significance of the lack of neuroscientific evidence, or for other purposes that are described in Table 3 . These cases were not coded in detail for further analysis.
LIMITATIONS
Various limitations of this study affect the conclusions that may be drawn about the use of neuroscientific evidence in Canadian criminal cases. The discussion and conclusions should be read with these limitations in mind.
First, it is not known what proportion of the total number of Canadian criminal proceedings are included in the legal database from which our set of cases was drawn. 
Related proceedings
Other proceedings related to the same prosecution unless they appear independently in the keyword searches during the time period searched.
Furthermore, there are systematic biases in the type of decisions that are reported. For example, there will be no trial decision in cases in which an accused person pleads guilty, although a sentencing decision may be reported for those cases. 8 In addition, in cases that do proceed to trial, no decision will be rendered in jury trials, although there may be a sentencing decision later reported in the case of convictions. As a result, we may expect to see more sentencing decisions than decisions on guilt within the sample. Even in proceedings where reasons must be given (such as at sentencing 9 ), the reasons may not be reported to the legal databases. It is safe to say, however, that only a small fraction of proceedings are contained in the legal databases. Statistics Canada reports that Table 3 . Cases not coded in the further analysis.
Reason Description

Number of cases
No discernible impact of the evidence Brain damage was suggested but there was little detail included about the evidence, little discussion by the judge and no discernible impact on the outcome.
75
No evidence for claimed brain damage
Brain damage was suggested but it was explicitly rejected by the judge due to a lack of adequate evidence.
19
No apparent abnormality revealed by testing.
The judge comments that assessments for possible brain damage revealed no abnormalities.
16
Assessments for brain damage should be arranged by correctional authorities.
The judge's response to the issue of brain damage in the offender was to encourage correctional authorities to arrange proper assessment in order to tailor rehabilitation programs properly.
12
Comment on the absence of any brain damage as an explanation.
The judge explicitly points out that there is no evidence of brain damage in order to show that it (1) furnishes no explanation for behavior, memory gaps, or apparent intoxication, or (2) provides no argument that statements or pleas were involuntary.
8
Complaint about the lack of neuroscientific evidence
The judge observes that there should have been assessments for possible brain damage, or adjourns or delays proceedings in order to await this type of evidence.
6
Concern that incarceration would be particularly harmful due to an offender's brain damage.
The judge considers the possibility that incarceration would be a problem due to an offender's brain damage because incarceration would aggravate a medical condition, put the offender's safety at risk (eg due to mistreatment by other prisoners) or impede rehabilitation.
Lack of brain damage is interpreted as positive for possible rehabilitation efforts.
The judge notes that the absence of brain damage will facilitate treatment and rehabilitation efforts, or allows for more optimism about the potential success of those efforts.
2
Brain damage suffered in the criminal event or later in jail is considered as mitigating.
The judge notes that the offender has already been punished by injuries incurred during the criminal act, or has suffered an injury in jail (usually while awaiting trial).
TOTAL 146
556 r The use of neuroscientific evidence in Canadian criminal proceedings about 386,000 to 410,000 cases were completed per year in adult criminal courts in Canada during the study period, although it cautions that this underestimates the total given a lack of data from a large number of provincial superior courts. 10 Youth court statistics for the same period were about 48,000 to 58,000 per year.
11 A crude estimate of the annual volume of criminal cases reported in the legal database used in this study ('All Canadian Court Cases' LexisNexis Quicklaw) is about 10,000.
12 This overestimates the proportion of criminal cases reported in the database because this number includes cases that were not actually criminal cases despite containing the word 'criminal', and it will also include multiple proceedings in the same case (eg procedural and evidentiary motions, trial, sentencing decisions, etc.) Nonetheless, this crude measure suggests that about 2 per cent (and much likely fewer) of the total number of criminal cases generate reported decisions. Despite this, the legal databases offer the best source of data for a study of this type because they offer the most comprehensive searchable collection of legal decisions available in Canada. Furthermore, it is only reported decisions that form part of the body of legal precedent in the Canadian legal system. As a result, it is only the reported decisions that may be invoked in future decisions as a statement of Canadian law within the Canadian common law system. Thus, while the reported case law may not offer a robust foundation upon which to make general statements about what is currently occurring in all types of cases in all Canadian criminal courts, it does offer a good picture of the law that may be cited as persuasive and binding precedent in future cases.
Other limitations may also exist. It is possible that relevant cases may have been missed although considerable effort was made to cast a wide net by using a large number of alternative search terms. The study excludes French language decisions and so it does not capture the use of neuroscientific evidence from provinces in which cases are mostly reported in French (eg Quebec). Finally, another set of limitations has to do with the analysis of those decisions that were located and included in the study. The decisions reflect a judge's understanding of the evidence as well as his or her choices about what to include in the reasons for the decision. A deeper understanding of the type of evidence presented, and of the judge's use of that evidence could be obtained in future research by examining the transcripts and case files. Finally, as is the case with qualitative analyses, some subjective interpretation of the stated reasons for judgement is inescapable in identifying the sometimes implicit impact of neuroscientific evidence on the decisions. Furthermore, some imprecision is introduced by the need to fit a wide variety of cases into a limited set of categories that provides an adequate depiction of the data while at the same time remaining manageable and informative. Table A1 .)
RESULTS
The 133 cases retained in this study were analysed and coded in detail in order to understand the type of neuroscientific evidence mentioned, the context in which the neuroscientific evidence was considered (ie stage of the criminal proceeding), the charges that were associated with the use of the neuroscientific evidence, the ethnicity of the offenders in these cases, and finally the impact of the neuroscientific evidence on the outcome.
Trend in the presence of neuroscientific evidence
Over the five years reviewed in this study, there appears to be an upward trend in the number of cases in which evidence of brain injury or cognitive impairment linked to some neurological cause was accepted as bearing upon an offender's responsibility, capacity, risk of recidivism, or prospects for rehabilitation ('evidence impact') ( Fig. 1) .
Type of neuroscientific evidence
The three most common types of neuroscientific evidence mentioned in the set in each of the five years for which the data are being presented were evidence of prenatal alcohol exposure [fetal alcohol spectrum disorder ('FASD'), fetal alcohol effects ('FAE'), or alcohol-related neurodevelopmental disorder ('ARND')], traumatic brain injuries ('TBI'), and neuropsychological testing (Fig. 2) .
As noted above, the dataset includes only those cases in which evidence is suggested for a neurological cause of cognitive impairments and behavioral problems, and the Canadian criminal courts evidently encounter a much larger group of cases involving cognitive and behavioral problems than is represented here. By far the most common neuroscientific evidence mentioned has to do with the diagnosis of impairments due to prenatal alcohol exposure. As will be discussed later, this does not necessarily mean that this form of brain damage is more common within the population of accused persons and criminal offenders than other forms of neurological damage, but may instead reflect that it is more commonly raised and better documented than other types. In fact, it would appear that some level of TBI is quite common among criminal offenders. Williams reviews the evidence from multiple countries linking TBI to an increased risk of criminal offending, concluding that '[w]hile less than 10 per cent of the general population has experienced a head injury, studies from across the world have typically (Note that within the set of 133 cases, certain cases referred to several types of neuroscientific evidence. These data are presented broken down by year in the Appendix, Table A1 .) shown that this is between 50-80 per cent in offender populations'.
13 Recent evidence from Canada is consistent with this observation. Colantonio et al. recently found that 50 per cent of men and 38 per cent of women in a sample of Ontario inmates reported a history of TBI.
14 Neuropsychological testing (such as IQ, memory, executive function, and other tests that look for abnormalities or defects in cognitive functioning often associated with brain damage) is not a novel form of neuroscientific evidence, nor is a medical history of brain injury. These are nonetheless included here and are of interest as forms of well-established brain-related evidence that can shed light on how the courts react to evidence meant to explain and sometimes excuse behavior or to shed light on recidivism risk and treatment options. If and when other forms of neuroscientific evidence enter Canadian courts, they may be treated in similar ways.
Brain imaging and electroencephalography were infrequently mentioned in the set of cases. A supplementary search of the same database of Canadian case law updated to August, 2014 reveals only two cases making reference to fMRI or functional magnetic resonance imaging, neither of which involve a criminal matter. One case from 2013 was a civil case involving end of life decision-making for a severely brain-injured patient and refers to the work of Dr Adrian Owen in using fMRI to detect covert awareness in patients thought to be in a vegetative state or minimally conscious. 15 The other case had to do with a constitutional challenge to the statutory cap on insurance recovery for minor injuries suffered in motor vehicle accidents, and contains a discussion of expert evidence related to the neuroanatomy of post-traumatic stress disorder. Table A2 .)
Context in which the neuroscientific evidence was considered
The set of 133 cases included 112 cases before judges at first instance (including pretrial procedures related to bail (release pending the judicial hearing), motions (proceedings related to the admissibility of evidence, the validity of pleas, challenges to the suitability of jurors, etc.), trials before judge alone, 17 sentencing hearings (including applications for dangerous or long-term offender designation), and judicial reviews of decisions by the Review Boards (the bodies that review the dispositions made in relation to offenders found not criminally responsible by reason of mental disorder). Another 21 cases were heard by Provincial Courts of Appeal, sitting with a panel of three judges. These appeal cases primarily involved appeals from sentencing decisions, but there were also appeals from Review Board decisions, decisions related to fitness to stand trial, and appeals from acquittals and convictions.
Neuroscientific evidence was most commonly mentioned in sentencing decisions and decisions on whether to designate an offender as a dangerous or long-term offender ('DO' or 'LTO'), as indicated in Fig. 3 (above). The DO and LTO designations may be sought in the case of serious repeat offenders who pose a reasonably high recidivism risk. Dangerous offenders are those who have committed a serious personal injury offense and are thought to pose a reasonable likelihood of causing death or serious harm to others in the future. They may be subject to an indeterminate period of preventive detention that extends beyond the sentence applied for their crime. Long-term offenders have committed serious offenses and pose a substantial risk of re-offense, but a finding is made in their cases that there is a reasonable possibility that this risk may be controlled in the community. Both types of offender may be subject to long-term supervision orders ('LTSO') of up to 10 years, which are meant to monitor and control risk.
The frequency of sentencing and DO/LTO decisions in our set of cases is not surprising for several reasons. First, the Canadian Criminal Code requires courts to provide reasons for the sentence imposed.
18 While this does not mean that those reasons will be reported to legal databases such as LexisNexis Quicklaw, it does increase the 17 Criminal trials in which juries decide on the facts of the case do not generate written reasons for the finding of guilt, innocence or non-responsibility due to mental disorder. 18 Criminal Code, R.S.C. 1985, ch. C-46, §.762 (2) (1985) .
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chance that this stage of the criminal proceeding will be available. In contrast, decisions to acquit or convict will produce reasons only where the trial takes place before a judge alone and not in the case of jury trials, 19 leading to fewer reasons for verdict potentially being reported than for sentence.
Second, information related to the background and character of the offender may be made available either through pre-sentence reports prepared by probation officers or through evidence introduced by the defense or the Crown. The Court may order pre-sentence reports for the purpose of sentencing, which comment on offenders' 'age, maturity, character, behaviour, attitude and willingness to make amends' as well as on the offenders' responses to alternative measures used to deal with them in the past, if any. 20 These reports often comment on the general background, family, education, employment record, physical, and mental health of the offender among other things. In addition, the defense and Crown may introduce evidence about the background of the offender, and hearsay evidence is admissible. 21 In the case of DO/LTO applications, an expert assessment must be prepared, and typically includes information about the offender's background, mental health, and recidivism risk.
In addition, Aboriginal Canadians are overrepresented within the criminal justice system. The Supreme Court of Canada has noted that the history of cultural dislocation and dispossession experienced by Aboriginal communities has contributed to this overrepresentation. 22 The Canadian government has specifically addressed Aboriginal offenders in the Criminal Code of Canada, which states that 'all available sanctions other than imprisonment that are reasonable in the circumstances should be considered for all offenders, with particular attention to the circumstances of [A]boriginal offenders'.
23
The Supreme Court of Canada interpreted this provision in the case of R. v. Gladue, 24 where it directed sentencing judges to consider the 'unique systemic or background factors which may have played a part in bringing the particular aboriginal offender before the courts', and 'the types of sentencing procedures and sanctions which may be appropriate in the circumstances for the offender because of his or her particular aboriginal heritage or connection'. 25 While the offender may waive the right to have particular attention paid to his or her circumstances as an Aboriginal offender, the Supreme Court has made it clear that there is a duty resting on counsel to adduce relevant evidence to assist the judge, and, where counsel does not (eg if the offender is unrepresented), the judge must attempt to acquire this information. 26 This has led to the practice of preparing what are called 'Gladue reports'. Thus, evidence related to brain damage is very likely to come before the courts within the sentencing context where Aboriginal offenders are involved, particularly where that brain damage is related to conditions of deprivation that are attributable to those systemic or background factors that tend to disadvantage Aboriginal communities in general.
Evidence about mental capacity is also relevant on the question of guilt prior to sentencing because it may satisfy the high threshold required for a finding that the offender is not criminally responsible by reason of mental disorder, or call into question the capacity to form the specific intent for a particular crime and lead to a finding of guilt on a lesser included offense (eg a person unable to form the requisite intent to commit murder might be found capable in relation to the lesser offense of manslaughter). 27 However, evidence of mental incapacity is relevant at sentencing for a broader range of purposes than at the stage of assessing guilt for the offense charged. Not only does it bear upon moral blameworthiness, but also upon the whole range of consequentialist objectives of punishment such as deterrence, rehabilitation, and public protection via incapacitation of the offender. 28 The predominance of sentencing cases in this dataset thus enables a broad range of potential uses of neuroscientific evidence to be explored. Moral blameworthiness is not supposed to be at issue in dangerous and long-term offender applications, where the courts are directed to consider the issue of whether measures to protect public safety will be required at the conclusion of an offender's sentence for the index offense.
The charges associated with neuroscientific evidence
Many of the cases in the set of 133 in this study included multiple offenses. In order to simplify the categorization and to try to identify whether the type of neuroscientific evidence presented varies by offense type, the offenses were grouped in broad categories arranged in Table 4 . The order roughly tracks the seriousness of the offense type as demonstrated by the median length of incarceration in Canada. 29 Of course there is a fair amount of variation in seriousness and sentencing within many of these categories.
Where a case in our set involved multiple charges it was assigned to the category of the most serious charge, on the assumption that this would be the major factor in the sentencing. The most frequent offense types in the dataset are the more serious offenses of sexual assault (28 cases), homicide (23 cases), assault (20 cases), and robbery (19 cases). It is not possible on the basis of this dataset to explain the skewing toward the more serious offenses, but there are a variety of possible explanations for this pattern. The higher prevalence of the more serious offenses may be due to an increased likelihood that decisions in more serious cases will be reported to the legal database. It could also be due to an increased likelihood that neuroscientific evidence will be presented in the more serious cases, or it may be the case that offenders with brain injuries have an increased risk that their offenses will include serious offenses when compared to other offenders.
Ethnicity of the offenders
In the majority of the cases, the ethnicity of the accused or offender was not specified. The one exception relates to Aboriginal persons, where ethnicity is usually mentioned for the reasons mentioned above related to Gladue reports and the legislative direction to consider the circumstances of Aboriginal offenders in particular. This serves to explain the pattern in our cases that is set out in Fig. 4 . As was noted above, Aboriginal Canadians are overrepresented in the criminal justice system. The proportion of Aboriginal offenders in the dataset (38 per cent) exceeds the proportion of Aboriginal offenders in the federal correctional system (19 per cent in 2011-12) and in Canadian society in general (15 per cent). 30 As explained earlier, the courts are required to consider systemic background reasons for the criminal offending in the case of Aboriginal offenders, and so evidence about brain damage is perhaps more likely to be investigated and mentioned in relation to Aboriginal offenders than others. The type of neuroscientific evidence mentioned most often in the cases of Aboriginal offenders has to do with brain damage due to prenatal alcohol exposure (FASD) (see Table A4.) 25 related to offenders of unknown ethnicity and 47 involved offenders identified as Aboriginal (Fig. 5) . It is possible that the numbers of non-Aboriginal offenders affected in this way is actually higher than it appears if there is a reduced tendency to look for this problem in the non-Aboriginal population so that cases are not identified and mentioned at sentencing. Unfortunately, there do not seem to be confirmed statistics on the prevalence of FASD and associated conditions in Canada, although a 2006 Canadian government estimate is 0.9 per cent of births, with the rate 'significantly greater in Aboriginal populations, and in rural, remote and northern communities'. 
r The use of neuroscientific evidence in Canadian criminal proceedings
The impact of the neuroscientific evidence The impact of the neuroscientific evidence was often challenging to identify in the legal decisions. As noted above, a fairly large proportion of cases were excluded on the basis that there was no apparent impact of the neuroscientific evidence. Many of these cases lacked any real discussion of the evidence apart from a perfunctory reference to a possible historical head injury, for example, and no discussion of its significance. These cases were all coded as having had no impact (Table 3 ). In the remaining set of 133 cases, one finds a range of types of impact of the neuroscientific evidence. These have been divided into several themes in Table 5 , below.
As expected due to the prevalence of sentencing decisions in the dataset, questions about whether brain damage was a mitigating or an aggravating factor at sentencing predominated (104 of 140 instances of impact of neuroscientific evidence in the 133 cases). The results suggest that the presence of evidence of brain damage as an explanation for criminal behavior can be helpful to offenders, serving to mitigate moral blameworthiness. This is not a risk-free strategy however. Even for judges who mentioned a reduction in moral blameworthiness, a large number of cases showed that judges viewed brain damage as a source of increased risk of recidivism or pessimism about treatment. They weighted incapacitation and public protection more highly or focused on how to obtain intensive supervision, treatment, and control for the purposes of rehabilitation. For an offender preferring liberty, neither reaction is desirable.
It is challenging to draw robust conclusions from a limited set of cases. Further difficulties stem from the imprecision introduced in trying to interpret and categorize legal texts that are rarely specific about the exact impact of the neuroscientific evidence alone. However, the following analysis attempts to identify some patterns as a basis for further exploration of how this type of evidence is currently being used by Canadian criminal courts and how it might come to be used in future.
When one separates out the type of impact of the neuroscientific evidence by type of charge, certain suggestive patterns are revealed. The following analysis should be read with the caveat in mind that the numbers of cases are small, and that there is considerable variation in the nature of the offenses and the offenders within the categories, both of which make it difficult to identify reliable patterns in the impact of the neuroscientific evidence.
One pattern is that explicit judicial statements that brain damage does not mitigate responsibility are more likely toward the more serious end of the offense spectrum, whereas explicit statements that it does mitigate responsibility are more evenly spread (Fig. 6 ). This may be because the potential public safety (and possibly psychological) costs of recognizing diminished responsibility are higher for more serious offenses.
Another pattern is that there appears to be a greater focus on public safety, treatment and recidivism risk as opposed to moral blameworthiness in relation to sexual offenses than for the other violent offenses of homicide, robbery, and assault (Fig. 7) . This is consistent with the statistics in Canada for the preventive detention of dangerous offenders. Seventy five per cent of those designated dangerous offenders in Canada have had at least one conviction for a sexual offense.
32
Table 5. Impact of the neuroscientific evidence in the cases (2008-12).
Evidence impact Description
Number of cases
Factors affecting sentencing
Reduces moral blame Statement that the impairments due to brain damage diminish the responsibility of the offender.
35
Mixed reaction The acknowledgment that the offender is not at fault for brain damage is paired with concern about increased risk to public safety due to that brain damage.
25
Hopes or suggestions for treatment and risk reduction
Statements that certain forms of treatment, assessment, or supervision ought to be attempted to meet the risk posed by the offender.
19
Pessimism about treatment and risk reduction
Suggestions that due to brain damage, prospects for treatment and risk reduction are very poor.
18
Does not reduce moral blame
Explicit suggestion that the presence of brain damage does not reduce the moral blameworthiness of the offenders' acts.
Factors affecting determination of guilt (mens rea)
No responsibility A small number of cases involved evidence on the point of whether the offender was not criminally responsible due to involuntariness [seizures or dissociative states ('automatism')], or mental disorder sufficiently severe to meet the threshold for non-responsibility (Huntington's disease, dementias, tumors, or severe cognitive impairment due to prenatal alcohol exposure or head injury).
11
Explanation of impairment
One case relied upon the accused's multiple sclerosis and Parkinson's disease in the motor vehicle context to explain that impairment was not due to alcohol intoxication.
Factors affecting fitness determinations
Fitness to stand trial A set of cases used the neuroscientific evidence to assess whether the offender met the relatively low threshold of cognitive capacity required to be fit to stand trial. There are other possible reasons for this pattern-one is the higher perceived rate of recidivism among sex offenders than among other offenders although this does not appear to be the case for sex offenders as a general category. 33 One more speculative idea is that the focus is shifted toward risk control in the case of sex offenses due to the availability of direct 'biological' methods of behavioral control with anti-androgen drugs (so-called chemical castration), whereas biological methods of control may be less available for other types of violent offending.
In the more serious categories of offense, statements showing pessimism about the prospects for treatment outstripped more hopeful statements. Indeed, a kind of treatment nihilism in the case of offenders with more serious cognitive limitations due to brain damage was mentioned in 18 judgements (Table 5, pessimism, above). In addition, within the set of cases that were excluded from the full analysis, a couple of judges Table A5 .) commented that the absence of brain damage created optimism for successful treatment and risk control (Table 3, above). For example, the judge in R. v. Duff 34 quoted the therapist who contributed to the pre-sentence report to the effect that there were numerous factors suggesting reduced risk including that the offender had 'no indications of organic brain syndrome' 35 That being said, the judge in that case based the sentence primarily upon denunciation and focused on moral responsibility. In contrast, in R. v. P.N., 36 the judge cited the absence of neurological deficits as a factor justifying sentencing two young offenders under the more lenient rules applicable to youths and not as adults as requested by the Crown:
... They have no neurological deficits, or brain damage, or intellectual deficits which prevent them from being unable to control violent impulses. This is to be differentiated between people who are, for example, suffering from Fetal Alcohol Syndrome, or who suffer from brain damage, or who have some other intellectual deficit which makes it difficult or impossible to control their impulses, violent or otherwise. This does not exist here.
37
Another predictable pattern is that the impact of neuroscientific evidence in the dangerous and long-term offender context has to do with risk and treatability (Fig. 8, below) , unlike the other sentencing cases in which there are also discussions of moral blameworthiness (Fig. 9, below) . This is to be expected given that the Criminal Code specifies that the fundamental principle of sentencing in the usual case is that 'a sentence must be proportionate to the gravity of the offense and the degree of 34 2010 ONCJ 493, a case involving a 51-year old man who pleaded guilty to two counts of possession of child pornography. 35 Id. para. 9. 36 2008 BCPC 32, a case involving two youths (15 and 17 years old at the time) who pleaded guilty to an aggravated assault on another youth, which caused a brain injury and permanent neurological damage to the victim. 37 Id. para. 52. Table A6.) responsibility of the offender'. 38 These criteria for designating offenders as dangerous or long-term offenders, on the other hand, are restricted to issues of risk and the prospects for control of that risk by treatment or other means. Moral blameworthiness and proportionality between the sentence and the crime are applied to the index offenses for which dangerous and long-term offenders are punished, but these considerations are usually not the central focus in deciding whether to designate them DO/LTO or what additional preventive measures to apply to forestall future offending.
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DISCUSSION
The double-edged nature of neuroscientific (or other biological) explanations of criminal behavior is well known.
39 Offenders whose behavior is attributed to biological disorders are considered less morally blameworthy due to their presumed diminished capacity. At the same time, if these disorders are considered irremediable, they increase the perception that the risk of recidivism is uncontrollable. It is at sentencing that these two reactions, often simultaneous, come into conflict since reduced moral blameworthiness is mitigating while risk to the public is aggravating.
This study of the use of neuroscientific evidence in Canadian criminal cases produced a dataset largely made up of sentencing decisions (65 per cent), in which the most frequently mentioned types of neuroscientific evidence had to do with prenatal alcohol exposure (39 per cent), neuropsychological testing (24 per cent) or TBI (20 per cent). These cases illustrate that this double-edged sword applies in Canadian criminal cases. At sentencing, evidence of brain damage was sometimes said to be mitigating (38 per cent), but nearly equally as often the evidence was not necessarily beneficial. In 27 per cent of the sentencing decisions, it was cited as a reason for pessimism about rehabilitation or public safety and in another 7 per cent the judge explicitly refused to recognize any mitigating impact of the evidence.
As for the judges' attitude toward treatment, judges sometimes cited the evidence in a hopeful or positive manner, making suggestions as to how an offender's brain damage might be best addressed to reduce risk and promote rehabilitation (18 per cent), but in 17 per cent of the cases they were pessimistic about the future because of the brain damage. These numbers reflect the mixture of sentencing and DO/LTO decisions. The balance is slightly more favorable for general sentencing (18 per cent hopeful and 10 per cent pessimistic) but overwhelmingly negative In dangerous and long-term offender decisions (25 per cent hopeful and 67 per cent pessimistic), contributing to the decision that risk management would be difficult or impossible.
The cases reviewed in this study show the 'double-edged' sword of neuroscientific explanations of criminal behavior (sometimes invoking the sword metaphor itself). For example, in R. v. Zaakir, 40 the judge sentenced a 20-year-old offender with brain damage due to FASD for several offenses including theft. The judge noted that FASD contributed to his behavioral problems and his lack of success in treatment, but considered that there is no cure for FASD and that the protection of the public required incarceration. 41 Zaakir's lawyer argued against incarceration on the ground that it would not serve the goal of specific deterrence due to the offender's difficulty in learning from the consequences of his actions due to FASD. The judge responded that:
[t]he FASD sword cuts both way however. It also interferes with the effectiveness of programs aimed at rehabilitating offenders. It also gets in the way of promoting a sense of responsibility in offenders and acknowledgement of the harm done to victims and to the community. The only principle of sentence not adversely impacted by FASD is removal of the offender from the community.
42
Cases illustrating the way in which evidence of brain damage may mitigate blameworthiness, and may also be considered important for crafting sentences with the greatest hope for success in rehabilitation include R. v. Harper, 43 where the judge sentenced a man for the sexual assault of a 13-year-old girl. He had severe FASD and a lengthy criminal history including four other convictions for sexual assault. Despite the seriousness of his offense, he received a significantly lighter sentence because of his FASD. 44 The judge noted that it was 'manifestly unfair to make an individual pay for their disability with their freedom', 45 the utility of specific deterrence was reduced due to Harper's FASDrelated cognitive deficits, 46 and general deterrence in a case like this would amount to using an cognitively disabled man as a 'whipping boy ... in order to deter others who should [be] and are capable of knowing better'. 47 In the judge's view, only public safety and rehabilitation are appropriate goals in sentencing FASD-affected offenders:
I am of the opinion that separation (where necessary for the protection of society) and rehabilitation should be the primary focus of judges involved in sentencing FASD-affected offenders. Separation does not equate with jail, however. Separation can and should be achieved in a secure community setting in most instances. We do not jail children under the age of 12 in Canada and when they are under the age of 18 years, they are detained separately from adults. FASD-affected individuals who function at the level of children should only be placed in jail as a last resort and then in a facility separate from adults in order to avoid the victimization experienced by Mr. Harper when he was in custody. Similarly, rehabilitation for Mr. Harper must accommodate his cognitive disabilities and can not be achieved through typical offender programming.
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On the other hand, an FASD diagnosis is sometimes cited to explain why a more onerous sentence is required to protect the public. In R. v. Becker, 49 the judge refused the defense request for a conditional sentence to be served in the community and incarcerated an offender with FASD, possible brain injury, ADHD, and substance abuse. One of the reasons cited for rejecting the defense request was that Becker's behavioral problems were 'both challenging to treat and difficult to manage' 50 so that a conditional sentence would not adequately protect public safety. An extreme case, cited by Roach and Bailey in their study of FASD cases in Canada is R. v. I.D.B.
51 IDB was convicted of the sexual assault and murder of his support worker when he was 14 years old.
52 A preliminary issue in the case was whether he should be transferred to adult court, where he would be exposed to the much longer sentence of life imprisonment. The judge decided he should be sentenced as an adult because he concluded that IDB could not be rehabilitated given the severity of his disabilities and required life-long supervisionsomething that could not be imposed under the sentencing options for youth offenders. The Court of Appeal dismissed IDB's appeal of the transfer, stating that:
[t]he evidence reinforces the inescapable conclusion that this youth's condition is so severe that rehabilitation cannot be expected to reduce the risk of his re-offending, nor can it provide the necessary supervision this condition requires for the rest of his life. The use of neuroscientific evidence in Canadian criminal proceedings r 571 totality of the evidence, it is clear that the two objectives of protection of the public and rehabilitation cannot be reconciled. Protection of the public accordingly must prevail. 53 Subsequently, the sentencing judge observed that '[e] verything that I have heard or read indicates to me unfortunately that this young man, through no fault of his own, is likely beyond redemption', 54 and sentenced him to life imprisonment. Thus, from the defense perspective, the question of whether to pursue and present evidence of brain damage is an important strategic issue. This question intersects in interesting ways with current calls for reform of the manner in which the Canadian criminal justice system addresses FASD. In marked contrast to the other parallel studies being conducted in the United Kingdom, the Netherlands, Singapore and Malaysia and the United States, FASD is a prominent part of this dataset. FASD is also currently a topic of considerable discussion in the legal community in Canada and in Parliament. There have been multiple recent calls for reform to the rules of criminal procedure to enable judges to order FASD assessments of adult offenders, as well as calls for the amendment of the Criminal Code to specify that FASD should be deemed to be a mitigating factor at sentencing. 55 A private member's bill was introduced in Parliament in 2014 that would have made both of these changes. 56 During the parliamentary debates on the Bill, the spokesperson for the Minister of Justice raised several concerns about the Bill and proposed that the matter be referred to a committee for further study. One of the concerns had to do with why FASD should be the only mental disability addressed.
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Although issues related to how brain damage due to FASD is treated in the Canadian criminal justice system are very much in the public eye in Canada, these issues can be generalized to offenders with brain damage due to other causes as well.
One of the reforms proposed has been to increase the assessment and diagnosis of offenders by enabling judges to order assessments for FASD. However, it is unclear whether an offender will benefit from an explicit diagnosis of brain damage. The reform proposals are motivated by the hope that the diagnosis will enable an appropriate acknowledgement of an offender's reduced moral blameworthiness and may support the crafting of sentences that may ultimately achieve better outcomes-along the lines of the Harper decision, above. But it is also possible that an explicit diagnosis may fuel more pessimism about rehabilitation and recidivism risk than would otherwise be the case. A case suggesting this possibility is R. v. Steppan, 58 
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Crown's application to designate a violent sex offender a dangerous offender. Instead he was designated a long-term offender on the basis that there was a reasonable chance that his risk of recidivism could be controlled in the community with appropriate treatment. Steppan had various personality disorders and paraphilias and FASD was suspected. One of the psychiatric experts testified that it was difficult to diagnose FASD in adults. Furthermore, according to the expert, if Steppan's problem were mainly FASD 'this would not be a helpful prognosis for him as there would be less cause for hope because FASD involves fixed deficits and those are more difficult to work with than personality problems or sexual arousal problems'. 59 The judge's response underscored the potentially negative impact of a serious FASD diagnosis:
While there is evidence that Steppan has some intellectual and cognitive limitations and there is a possibility of FASD, which might make it more difficult for him to learn and retain information offered in treatment and programming, it is clear from all the evidence in this case that Steppan's limitations are not severe, and that he is quite capable of learning.
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Further research would be advisable to determine whether an explicit diagnosis of brain damage as an explanation for cognitive limitations and behavioral problems produces greater pessimism about rehabilitation than the observation of those symptoms alone. In Steppan, the hope for success in treatment may have been tied to the evidence that his cognitive limitations were not too severe, but it may also have been positively affected by the lack of an FASD diagnosis.
Another important issue suggested by both this study's set of cases and also the legal reform proposals outlined above is the challenge of what to do in the case of braindamaged offenders who do pose a significant risk to the public. The judge in Harper acknowledged the need to separate such offenders from society, but argued that jail was inappropriate and instead 'secure community settings' ought to be used. The absence or inadequacy of such alternatives to jail would frustrate the reform objectives outlined above, such as the call to recognize FASD as a mitigating factor. Even if diminished moral blameworthiness is recognized, a judge may still be left with a problem of public safety and inadequate alternatives to jail. Several cases in the dataset illustrated this conundrum.
In R. v. Kendi, 61 the judge sentenced an offender with FASD for assaulting his spouse. The judge observed that the brain damage associated with FASD could not be cured and that rehabilitation in the context of offenders with FASD was 'really about adjusting our expectations to their abilities, ... about setting up a situation which maximizes his chances of being successful within the community, and that is really all about structure, support, and supervision. A situation in which there are others around him to provide, in the absence of his ability to do so, that executive brain functioning to help him to make appropriate decisions'. 62 However, in Kendi's case there was not yet an adequate placement available and so a term of incarceration was imposed. The judge wrote that:
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[m]y biggest struggle in this particular case, when I am weighing protection of the public against rehabilitation for Mr. Kendi, is really about knowing what the options are for release in this particular case. It is evident to me that jail is not going to be capable of changing Mr. Kendi's behaviour in any way, shape or form. It does, however, provide a situation whereby the public is protected so long as he is in custody. My preference, given his disability, obviously, would be to have an appropriate structured and supervised placement for him within the community that would provide that same protection of the public but would not require him to be warehoused in a jail situation. In this particular case, I do not have that.
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The lack of alternative placements arose in an even more drastic manner in R. v. Kudlak. 64 In this case, the Crown sought to have Kudlak designated a dangerous offender subject to an indeterminate period of preventive detention, while the defense maintained that the risk he posed could be controlled in the community with adequate supervision and so he should be designated a long-term offender subject to an LTSO. Kudlak had cognitive deficits due to FASD and a long criminal record including, inter alia, multiple sexual assaults. On the point of whether Kudlak's risk of recidivism could be managed, the expert testified that it might be possible to do so with various measures that had not yet been tried, such as anti-libidinal drugs or pharmacological treatment of his alcohol abuse, and 24-hour supervision within a group home targeted for developmentally delayed sex offenders. 65 The judge explored whether such a placement was available in the community but testimony from correctional authorities made it clear that this type of intensive supervision was not available. The defense objected that '[t]he lack of readily available resources to meet [the conditions required for a reasonably possibility of controlling risk] should not govern the determination' of whether Kudlak is a long-term offender whose risk can be managed in the community or a dangerous offender whose risk cannot be managed. 66 The defense took the position that the government's failure to supply the necessary supervisory resources ought not to lead to the imprisonment of offenders as dangerous offenders if their risk could be adequately controlled with proper supervision. The Crown said that if the necessary conditions to control risk replicated jail, 'then the appropriate thing to do is to commit the offender to jail'.
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The trial judge concluded that Kudlak was a dangerous offender, and imposed upon him an indeterminate period of preventive detention. The judge rejected the argument that provincial resource allocation decisions ought not to drive the decision of whether someone is a long-term offender or not. He said that if it were a matter of an existing treatment program required for a limited duration in order to reduce the risk and there were no places due to government underfunding, that was a different matter. In this case, however, the recommendations were for a highly specific individualized supervisory program, and '[t]he state cannot be expected to allocate scarce resources to any and all treatment programs, particularly ones that are highly specific to single individuals' 68 and which are required in perpetuity as there is no reasonable prospect of success in treatment. 69 The judge concluded that what was being suggested for Kudlak was 'management' not 'treatment'.
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CONCLUSION
Canadian courts are already considering neuroscientific evidence of many types, (although the use of cutting-edge techniques such as fMRI to detect abnormal brain functioning does not appear to have entered the Canadian criminal justice system). For legal reasons, evidence related to brain damage flowing from prenatal alcohol exposure is the most common form of evidence considered, followed by medical history of TBI and neuropsychological testing. The majority of the cases are sentencing decisions, which is useful given that it offers an opportunity to observe how judges wrestle with the tension at the heart of the justifications of punishment in the criminal law. Neuroscientific evidence suggesting diminished capacity tends to reduce moral blameworthiness-a factor central to the retributive philosophy underpinning the requirement of proportionality between the degree of wrongdoing and the punishment-and yet it also tends to increase judgements about risk and dangerousness, given the view (expressed often in the cases reviewed here) that brain injuries can sometimes be managed but not cured. This makes neuroscientific evidence a 'double-edged sword' from the offender's perspective.
There have been recent calls for legal reform to address how the Canadian criminal justice system handles cases involving brain damage to prenatal alcohol exposure. It is currently uncertain whether the proposed reforms (increased powers of judges to order FASD assessments, and modification of the Criminal Code to indicate that evidence of FASD should be a mitigating factor at sentencing) will be adopted. However, these proposals raise larger questions about neuroscientific evidence in general. As was pointed out in the Parliamentary debates, should such reforms not apply to all cases of brain damage that diminish an offender's capacity, regardless of whether the damage is caused by prenatal alcohol exposure? An additional question is whether an explicit diagnosis is in an offender's interests, given that evidence of brain damage tends to produce pessimism about rehabilitations and the risk of recidivism. Whether or not the symptoms alone (without a causal explanation in the form of a diagnosis) would produce the same level of pessimism is an interesting question for future exploration. Finally, the cases in this study showed that a problem facing Canadian judges who may already persuaded that brain damage mitigates moral blameworthiness is that there may not be an adequate alternative to jail in the case of brain-damaged offenders who pose a serious risk. The lack of alternatives may frustrate the objectives of those calling for reform to how we handle brain damage in the Canadian criminal justice system. 
